SUMMARY The aim of this study was to develop standard cephalometric values for Slovenians in the period of the mixed dentition. Eighty-eight children were included in the study (46 girls and 42 boys, mean age 9.31 ± 1.52 years). The selection criteria were: in the mixed dentition, a score of the modifi ed Eismann method for an objective assessment of malocclusion of less than 15 points, the absence of aplasia and supernumerary teeth, no congential anomalies and no previous orthodontic treatment. Twenty-fi ve cephalometric measurements were performed twice to analyse the size and shape of the craniofacial complex. The reliability of the measurements was assessed by correlation coeffi cients, regression, and analysis of inter-subject differences; satisfactory results were obtained. The differences between boys and girls and between those in the early and late mixed dentition period were tested with a two-way analysis of variance.
Introduction
Cephalometric analysis is an important part of morphological diagnostic procedures in orthodontics, allowing changes associated with growth and orthodontic treatment to be observed. To diagnose and classify a malocclusion, the measured values of cephalometric parameters are compared with standard values. A large number of cephalometric standards have been developed for adult populations and for children in the period of growth and development ( Downs, 1952 ; Coben, 1955 ; Ricketts, 1957 ; Steiner, 1959 ; Riolo et al. , 1974 ; Broadbent et al. , 1975 ; Hasund, 1977 ; Burstone et al. , 1979 ; Bishara, 1981 ; Muretic, 1982 ; Droschl, 1984 ; Holdaway, 1984 ; McNamara, 1984 ; Haavikko and Rakhamo, 1989 ; El-Batouti et al. , 1994 ; Hamdan and Rock, 2001 ) .
Differences in the dentofacial relationships of various ethnic groups have been observed ( Bishara and Fernandez, 1985 ; Trenouth et al. , 1985 Trenouth et al. , , 1999 Bishara et al. , 1990 ; BenBassat et al. , 1992 ; Huang et al. , 1998 ) . Cephalometric measurements taken from one population may not be applicable for clinical use in a different population. Knowledge of the normal dentofacial pattern of each ethnic group will ensure improved treatment success and the establishment of optimal facial harmony ( Argyropolous and Sassouni, 1989 ) . Therefore it is important to develop standards for various populations.
In some of the studies, gender differences in cephalometric parameters have been observed ( Broadbent et al. , 1975 ; Droschl, 1984 ; Bishara and Fernandez, 1985 ; El-Batouti et al. , 1994 ) .
The selection criteria of the samples from which standard values were developed differ a great deal. Some researchers have used patients selected on the basis of ideal ( Franchi et al. , 1998 ), normal ( Taylor and Hitchock, 1966 ) and good ( Broadbent et al. , 1975 ) occlusion. Droschl (1984 and Hamdan and Rock (2001) included subjects with Class I malocclusions, while Ben-Bassat et al. (1992) and El Batouti et al. (1994) used subjects with a clinically acceptable normal occlusion and no apparent facial disharmony. Other studies have developed standard values from unselected samples ( Ricketts, 1957 ; Cooke and Wei, 1989 ) .
The shape and size of the craniofacial complex changes with age. The values of cephalometric measurements are also related to age ( Riolo et al. , 1974 ; Broadbent et al. , 1975 ; Bishara, 1981 ; Droschl, 1984 ; Trenouth et al. , 1985 ; Haaviko and Rakhamo, 1989; El-Batouti et al. , 1994 ) . Hence, cephalometric standards should be available for different age groups ( El-Batouti et al. , 1994 ) . The majority of available standard values are developed according to chronological age, while only a few are established according to dental age. Tollaro et al. (1996) prepared fl oating norms for Downloaded from https://academic.oup.com/ejo/article-abstract/28/1/51/479106 by guest on 18 January 2019 assessment of the craniofacial pattern in the primary dentition, and McNamara (1984) published standard values for the period of mixed dentition. Floating norms for the permanent dentiton were determined by Segner (1989) . Dental age and severity of malocclusion play an important role in treatment planning ( DiBiase, 2002 ; McIntyre, 2004 ) .
The purpose of this study was to develop cephalometric standards for Slovenians in the early and late mixed dentition periods.
Subjects and methods
Ethical approval for the study was obtained from the Medical Ethics Committee of the Ministry of Health of Slovenia (reference KME SSp/02/01).
Eighty-eight children (46 girls and 42 boys) in the mixed dentition period (mean age 9.31 years, SD = 1.52) were selected from the fi les of the Department of Orthodontics, University of Ljubljana, Slovenia.
An interview, intraoral examination, panoramic radiograph, study cast and cephalogram were obtained from all the participants.
Dental age was determined according to the erupted permanent teeth in the oral cavity ( Proffi t and Ackermann, 1993 ). The sample was then divided into two groups according to dental age: early (dental age 6 -10 years) and late (dental age 11 -14 years) mixed dentition. The chronological age of the subjects in the fi rst group was between 6.4 and 11.6 years (mean 8.5 years, SD 1.0 years), while in the second group it was between 7.6 and 13.5 years (mean 10.6 years, SD 1.3 years).
The study casts were assessed using a modifi cation of the method of Eismann (1980) for the objective assessment of malocclusion in the mixed dentition ( Far č nik et al. , 1985 ) . Morphological signs were measured and numerically evaluated. Anterior and posterior crowding, rotations and inclinations of the incisors and canines, anterior open bite, anterior crossbite, overbite, overjet, sagittal and transversal occlusion were assessed. Only those children whose score did not exceed 15 points were included in the study. The other inclusion criteria were the absence of aplasia and supernumerary teeth, no congential anomalies and no previous orthodontic treatment. One hundred and seventytwo children were originally assessed and 84 excluded.
Cephalograms were taken under standard conditions: the distance from focus to the median plane of the patient's head was 150 cm, and the median plane -fi lm distance was 10 cm. The cephalograms were taken with the subjects standing and the head positioned in the cephalostat and orientated to the Frankfort horizontal plane with the teeth in maximum intercuspation. The magnifi cation of 10 per cent was taken into account in the linear measurements.
The fi lms were traced and subsequently measured twice by hand. The two tracing procedures were carried out by the same orthodontist (MD) who performed all the measurements, in order to avoid calibration problems.
Cephalometric analysis
The landmarks used are shown in Figure 1 ( Miyashita, 1996 ) , and the reference lines in Figure 2 .
Measurements, which are part of the cephalometric analysis used at the Department of Orthodontics, University of Ljubljana, were carried out ( Figures 3 , 4 and 5 ).
Reliability assessment
In general, the measurements were carried out twice by the same orthodontist (MD). For each measurement, six indicators of reliability were calculated:
1. Pearson's correlation coeffi cient squared; 2. Slope of the regression line fi xed through the origin (second measurement predicted from the fi rst); 3. Mean inter-subject difference between the fi rst and the second measurement; 4. Standard deviation of the difference; 5. Standard error of the difference; 6. Median coeffi cient of within-subject variation (across subjects).
With coeffi cients of variation (CV), the median was used instead of the mean because there were only two data points per subject, which resulted in some extreme values of CV, especially for the measurements with small absolute values.
Gender and dentition differences
After checking that the distribution of the measurements did not depart markedly from normality, gender and dentition differences were tested with two-way analysis of variance 
Discussion
The sample was selected on the basis of the score of the modifi ed Eismann method for the objective assessment of malocclusion in the mixed dentition. The morphological signs of malocclusion were measured and numerically evaluated. Only children whose score did not exceed 15 points were included in the study. This means that the sample consisted of subjects with a mild malocclusion and there was no infl uence of the skeletal malocclusion in the values of the general population. Bishara (1981) found larger linear dimensions in boys. In the present investigation, statistically signifi cant differences between boys and girls were observed in anterior (AFH) and posterior (PFH) face heights. For other measurements, there were no statistically signifi cant differences. The observation time interval was between 6 and 13 years of age. Ursi et al. (1993) found that linear dimensions were similar in both genders up to 14 years of age and thereafter they remained relatively constant in girls while increasing in boys. The direction of facial growth was similar in both genders. El-Batouti et al. (1994) observed the most pronounced differences between genders after 12 years of age, which is in accordance with the present results: in n, number of subjects measured twice; r 2 , squared Pearson's correlation coeffi cient; b a=0 , slope of regression line fi xed through the origin when predicting the second measurement from the fi rst; M d , mean inter-subject difference between the fi rst and the second measurement; SD d , standard deviation of the difference; SE d , standard error of the difference; Me CV% , median coeffi cient of within-subject variation across subjects.
(ANOVA). Both gender and dentition were treated as fi xed factors with two levels of variation (girls versus boys; early versus late mixed dentition). To compensate for the problem of multiple tests and the correlation between measurements, the signifi cance level was set at 0.5 per cent.
Results
The results of the reliability assessment are presented in Table  1 . The reliability of measurements was satisfactory: squared correlation coeffi cients were mainly higher than 0.90; all regression line slopes through the origin were very close to 1; the mean within-subject differences were very small compared with the measurements, especially when considering the standard errors of these differences, which implies that confi dence intervals for differences included zero in almost all cases; and median CV were zero or less than 10 per cent. Descriptive statistics for the cephalometric measurements are shown in Table 2 , analysed by dentition. Since reliability was found to be satisfactory, the average of the two measurements was used as the datum for the subjects having undergone two measurements.
The results of ANOVA are summarised in Table 3 (only statistical signifi cance is reported). younger children there were no signifi cant gender differences. Yeong and Huggare (2004) reported statistically signifi cant differences between Singaporean boys and girls in maxillary and mandibular prognathism, linear dimensions of anterior and posterior cranial base, face height measurements, upper and lower incisor inclination and lip prominence. Children participating in their investigation were older than those in the present study (mean age for girls 12.5 ± 0.7 years, mean age for boys 12.7 ± 0.7 years).
The cephalometric parameter values changed with development, but no signifi cant differences between subjects in the early and late mixed dentition were found. Some changes in vertical relationships were observed: a decrease in mandibular inclination (ML/NSL), interbasal angle (NL/ML) and gonial angle, and an increase in AFH and PFH. These observations confi rm the fi ndings of Björk (1963) , Bishara (1981) ; Bishara et al. (1984) and El-Batouti et al. (1994) . El-Batouti et al. (1994) found the most pronounced changes in prognathism of the maxilla and mandible (SNA and SNB angles) from 6 to 18 years of age. In the present investigation, the sagittal skeletal relationships remained constant from the early to the late mixed dentition. The studied age period was too limited to observe signifi cant differences. The most pronounced change was an increase in NB ⊥ pg distance and a decrease in facial convexity.
There were no signifi cant changes in the position of the upper and lower central incisors from the early to the late mixed dentition period. All parameters remained constant in the observation time interval. The marked age-related changes in the position of the central incisors in the Norwegian population were found from 6 to 9 years of age; afterwards the position of the incisors remain unchanged ( El-Batouti et al. , 1994 ) . The values for the inclination of the upper and lower incisors in Droschl's (1984) study did not change in the period between 8 and 11 years of age, which is in accordance with the present fi ndings.
Changes in soft tissue cephalometric measurements were also found. The distance from Ricketts' E line to the upper and lower lip increased with age. This supports the fi ndings of Ricketts et al. (1972) .
The majority of researchers have developed cephalometric standard values according to chronological age. A comparison between the present fi ndings and their results is not exactly appropriate, since the inclusion criteria for determining the developmental stage in this study were dental instead of chronological. The mean age of the present sample was 9.31 ± 1.52 years. An approximate comparison between selected samples could be performed. The results of this study and the values of Austrian (aged from 9 years to 9 years and 11 months), American (aged 10 years) and Norwegian (aged 9 years) children are shown in Table 4 ( Bishara et al. , 1984 ; Droschl, 1984 ; El-Batouti et al. , 1994 ) . The parameters that were measured in at least two studies are presented. The geographically closest sample to the Slovenian population is the Austrian sample ( Droschl, 1984 ) . There are differences in SNB and ANB values between Slovenian, Austrian and Norwegian girls. The mandible of Austrian and Norwegian girls is more protrusive which results in smaller ANB values. The largest difference in vertical skeletal relationships between Slovenian and Austrian children is in the values for gonial angle, with Austrian children showing larger angles. The Slovenian and Austrian samples have larger anterior face heights compared with Americans. Slovenian girls also have more proclination of the lower incisors than the Austrian and Norwegian populations studied.
The most pronounced changes between the present and the subjects in the study of Droschl (1984) were observed in the values of soft tissue measurements. The upper and lower lip were behind the E line in the present study, but in the Austrian sample only girls had the lower lip behind the E line. The position of the lower lip in boys and the upper lip in both genders was in front of Ricketts' E line. M, arithmetic mean. * The sample consisted of children aged from 9 years to 9 years and 11 months ( Droschl, 1984 ) ; ** cephalometric standards for boys and girls at 9 years of age ( El-Batouti et al. , 1994 ) ; *** values of cephalometric parameters of children aged 10 years ( Bishara et al. , 1984 ) .
Conclusion
The obtained data can be used as the cephalometric standards for Slovenians in the period of the mixed dentition. There are no signifi cant differences between the early and mixed dentition. In this period of development, there are also very small gender differences. 
